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Abstract

Artificial Intelligence and Genomics are two rapidly growing disci-
plines, combining them gives us so many opportunities for improving
healthcare treatments and our understanding of the genome. So we used
them to determine the 4 clear stages of Alzheimer which are: Normal pa-
tient(stage A), Alzheimer gene carrier(stage B), early stage patient(stage
C), and late stage patient(stage D).They are classified according to their
DNA. The main challenge for us is determining the stages B and C by the
Artificial Intelligence part that is used and stages A and D are determined
easily.

1 Introduction

1.1 Background

Alzheimer’s disease is a permanent brain disorder that slowly destroys memory,
thinking skills and finally the ability to carry out the simplest tasks[1]. 50
million people worldwide are living with dementia in 2018 [2]. Alzheimer can
be detected by testing the DNA. The DNA is like two long ropes attached
together with proteins to form structures named chromosomes. There are 46
chromosomes in the body (23 pairs)[3]. Each chromosome contains a huge
number of segments, called genes. There are four genes related to Alzheimer:
Amyloid precursor protein (APP), Presenilin-1 (PS-1), Presenilin-2 (PS-2), and
Apolipoprotein E-e4 (APOE4)[4]. Each of these genes is made of a sequence of
four characters : Adenine(A) , Thymine (T), Cytosine (C), Guanine (G). The
four characters are the building block of the gene by forming a sequence of groups
of three from the four characters. Each of these genes has a constant sequence.
If the sequence of the above mentioned genes are altered then the patient will
suffer from Alzheimer’s. Stages A and D are easily to be differentiated between
but the challenge is to distinguish between stages B and C which we solve by
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the artificial intelligence part we use to provide the best solution to slow down
the evolution of Alzheimer.

1.2 Motivation

Knowing which stage the patient is in helps us reduce the progression of Alzheimer’s
[5] but it has been proven to be troublesome to find data-sets for a DNA se-
quence because it’s very expensive to extract DNA and analyze it . The main
CS challenges that we faced are:

1. Computational Power: Human DNA is stored in big files which needs a
powerful machine in order to process them in the system.

2. The data sets aren’t easily accessed or found.

3. The project requires high GPU to process the DNA quickly and compute
the necessary operation in our neural network.

1.3 Problem Definition

The existing classifications of Alzheimer is either the patient is healthy (stage
A) or the patient is in the last stage of Alzheimer(stage D) [6] which makes our
main target is to show two new phases which are Alzheimer gene carrier(stage
B) and early stage of Alzheimer(stage C). The gene carrier(stage B) is a healthy
patient at the moment but has inherited the disease from his family and doesn’t
have any symptoms of the disease. The early stage(stage C) is a stage where
the patient starts to notice some symptoms on manifesting.
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2 Project Description

2.1 Objective

This system is developed to take the patient’s DNA and push it to the system
and the system automatically shows which stage the patient is in due to the
training that was made with other data-sets which classify people into four
stage. Without this system it was either the patient is healthy(stage A) or he is
in the last phase of Alzheimer(stage D). It’s hard to differentiate between stages
B and C because the difference between them is very small and it needs a lot of
training to gain more accurate classification. It’s expensive to extract the DNA
from the blood sample because it’s a new technique that has a lot of process
to pass by, materials to be used and few specialists[7]. In the future it can be
developed to take shorter time or shorter process which may lead to make it
more cheap in the future.

2.2 Scope

The system is developed to reveal which stage of Alzheimer the patient is in
and how to help him to slow down the evolution of his disease depending on the
stage the patient is in.

1. Normal (Stage A) : Healthy person with no family history or Alzheimer.

2. Gene Carrier (Stage B) : Healthy person carrier to a recessive gene for
the disease from a family member.

3. Early stage patient (Stage C) : Patient with dominant gene carrier,
being diagnosed as early stage “mild”.

4. Late stage patient (Stage D) : Confirmed Alzheimer patient in the
severe stage “late”.

2.3 Project Overview

The system works as follows. The user will load the sample from the patient into
Genius Prime application, which is used to open specific file type types(.fna or
.fa) which contain the entirety of the human DNA which has the chromosomes
and it makes us access each chromosome. We use chromosomes 1,14,19, and 21
and export them to new files. These files are loaded to the system in order to be
reprocessed by initially cutting only the desired part of each file that contains
the probable defected genes subsequently the files will be striped of new lines ,
numbers and spaces. Finally the content of the files will be grouped into groups
of 3 and then those groups will be mapped into one hot vectors in order to be
later processed by the neural network and be classified.
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3 Similar System Information

1. Predicting cancer type from tumour DNA signatures.[8] The re-
searchers tried to know the cancer type more accurately to give the best
course of treatment to the patient. Their goal was to know the cancer type
more accurately than before. They collected sequenced tumour DNA from
Cancer Genomes. Around 6640 tumor samples showing 28 cancer types
and used linear support vector machines with feature selection to predict
the cancer type. They found that linear support vector machine is the
most accurate model to predict cancer type with accuracy 49.4%. We saw
how they used machine learning techniques to predict the cancer type.

2. Convolutional neural networks for classification of alignments of
non-coding RNA sequences [9]. The researchers wanted to prove that
Convolutional neural networks (CNN) is a good way for RNA analysis.
The main problem statement is to classify non-coding RNA sequences into
positive and negative classes to prove it’s classifying correctly. The CNN
classified the pairwise alignments of sequences for accurate clustering of
sequences and show the benefits of the CNN method of inputting pairwise
alignments for clustering of non-coding RNA (ncRNA) sequences and for
motif discovery. The researchers solved a problem very similar to ours with
a method analogous with the one that we intended to use demonstrating
the feasibility of making the system. The accuracy of this project is 94.5%.

3. Convolutional Neural Networks In Classifying Cancer Through
DNA Methylation [10]. The researchers decided to pursue the topic
because traditional methods of cancer identification are generally not ef-
ficient. Moreover they usually require effort and have lower accuracy.
The main problem is that the regular methods of cancer detection are
quite troublesome moreover the possibility of false positives is present so
a method with a higher accuracy was needed. The contribution the re-
search team accomplished was building a model that can learn the chang-
ing DMR patterns to detect 32 cancer types. The model was able to attain
a training accuracy of 96.54% and a testing accuracy of 92.87% the model
was based on 10000 samples.

4. Recurrent Convolutional Neural Networks for Text Classifica-
tion [11].Researchers wrote this paper to use Recurrent convolutional
neural network (RCNN) for text classification. The key problem in text
classification is feature representation. The reseachers used four separate
text datasets to perform CNN and RCNN. Thus, they discovered that
Neural Networks can collect more contextual feature data than conven-
tional BoW-based approaches. This paper is important for my project
as we may use the Recurrent Convolutional Neural Network (RCNN) for
text classification.

5. DNA Sequence Classification by Convolutional Neural Network
[12] The motivation of this paper is to prove that CCN has an excellent
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performance in many fields even dealing with A, C, T and genes of the
DNA. The main problem statement of the work is that DNA sequences
are sequences of successive letters without space. There is no term of word
in DNA sequence. so, we made a method to translate DNA sequences to
sequence of words in order to apply the same representation technique for
text data without losing position. The researches reached that the lowest
improvement is nearly 1% of accuracy and the highest improvement is over
6% of accuracy. These improvements are quite high in comparison with
other approaches such as finding good representations for sequences. This
paper was important and valuable because it added to my knowledge in
the sense that it showed how computer science and neural networks can
help in diagnosing more than just one disease moreover it mentioned a
plethora of guides and tips that may help in the proposed system.

3.1 Comparison with Proposed Project

1. This software is looking at genes APP,APOE,APSEN1,APSEN2 genes to
see if they have a different sequence or are defected in comparison with
normal genes to predict Alzheimer stage [13], while the similar system
searches for tumor-ed DNA in the human cell.

2. The referenced system is using CNN to classify the RNA into two classes
(positive class and negative class) while the proposed system is using it to
classify some genes into 4 stages.

3. The proposed system was like a guide since it counters a similar problem.
In comparison the systems are serving different purposes as the proposed
system classifies and detects Alzheimer’s into 4 classes but the referenced
system classifies Different types of cancer (32). The proposed system
classifies the patients based on changes in the DNA sequence but the
referenced classifies based on DNA methylation.

4. The referenced project not only uses RCNN but also RNN and CNN
therefore the project may shed some light on the pros and cons of each
method of text classification. However referenced system focus is on NLP
while the proposed system focus is classifying DNA sequences.

5. Their study about extracted features from the model’s convolutional layers
to see if there are any interesting and meaningful features extracted they
are more concerned about the CNN as a classifier and they are not looking
at specific genes but we are looking for genes that may be mutated so they
may cause Alzheimer’s diseases.
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4 Project Management and Deliverables

4.1 Tasks and Time Plan

4.2 Budget and Resource Costs

1- The system needs Genius Prime Application because it is used in our project
to open DNA sequence (.fna) files and convert it into the chromosome file type
(.fasta) and (.gp) in order to be processed by the CNN we’re using. It is 200$ per
year for student license and 450$ for government and non-profit organizations
to use.
2- The system needs GEFORCE GTX1080ti GPU to make the training part
faster and more efficient because of its performance per dollar advantage over
other Graphical processing units and the fact that it has a plethora of tensor
cores over a high memory bandwidth which helps in many machine learning
algorithms including CNN and RCNN. It is for 600$ .

4.3 Supportive Documents

No surveys or reports have been carried out at the time of writing this text.
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Figure 1: System Overview
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Figure 2: Timeline of work
Task From To
Collecting data-sets
of stage A

30/9 5/10

Writing paper, pre-
sentation, and pro-
totype

2/10 5/10

Collecting data-sets
of stage D

15/10 20/10

Training the com-
puter on differenti-
ating between stage
A and D

15/10 30/10

Collecting data-sets
of stage B and C

30/10 15/11

Writing Survey Pa-
per

15/11 1/12

Training the com-
puter on differen-
tiating between all
stages

20/11 10/12

Writing SRS 1/12 7/12
Writing SDD 1/2 14/2
Finishing last paper 15/2 30/2
Validation and test-
ing

30/2 15/3
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